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Abstract 

7~e erfects or seecmg wnn *ire crystal oowaers 
Dr, me l: " vsicai prooert-es 3 r cark cnocoiate are *e- 
zieweo n terms of me polymorphism ana crystailiza- 
::on cenavior or cocoa putter C3) and of ts major rat 
lorsntuer cs. The polymorphic structure of ?our sym- 
menc mixed acscs saturated-oieic-saturated «5at-0- 
5a-) macyigiycerois .TAGs: '.POP 1 . 3-dtoaimitovl-2- 
t:.eovi : givcenoi};SOSt 1 . 3-o:stearcyi- 2-oteovi-giy ceroid; 
AO A 1 , 3-Ciaracnidoyi-2-oteoy!-glvceroi); and 308 
! .S'Cibe.nenoyi-I-oieoyl-giycefoOi, ana of mstearay!- 
tMyceroi 333) are onefly explained. An attemor is 
made at -epiacmg me currently usea tempering meth- 
od n me tmocoiate soiidificaron orocess, bv a simple 
cooling technique using fat seed crystals. C3 :form 
vl!, SOS 308 'pseuao-i?\ 306 l£ 2 '« and SSS (/?} 
are examined as seea materials. The addition of all 
powders accelerated me crystallization of dark choco- 
a:e. -at pioom staoility is also improved oy me seed 
rrystais. except with SSS. The effect s higniy aepen- 
aent on :ne pnvsicai croperties of me seed material 
emoioyed. The most influencing factors are the simi- 
arities n :he polymorphic aenavior between cne seed 
material and cocoa butter, especially, cnam ^engtn 
structure. Thermal staoility of me seed crystal ; s also 
very .mcortant. In view of ai! physical orooerties ex- 
amined, me oresent review concludes mat trie £ 2 ■ 0fm 
of 306 performs oest as a seed material, in particular, 
.t gives rise to an acceieratea crystallization of form V 
jr C3 and moaerates orange »n viscosity ana ami- 
3ioom effects after thermal .ncubatton of dark cnoco- 
ate ceiow ana aoove me meitmg point of C3. 
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Introduction 

Chocolate consists of solid parties sucn as 
cocoa, sugar, and milk soucs .vmcn are dispersed .n a 
continuous fat pnase. m me -ase or aark chocolate, 
[he milk soiids are absen:. The properties of cr.ocoiate 
are influenced by the s;ze and distribution or me above 
solid particles, and cy the crystallography prooerties 
of the fat phase, in particular, fats .nfiuence heat- 
resistance, snap, gloss, quick anc snarp melting :n the 
mouth and bioorrwesistar.ee. Fat structures m choco- 
late have aeen nvestigated *rom various points of 
view tHuyghebaert and Hendrickx. 197"; Jonnstone. 
1972; Lovegren et ai., 1976; Tlmms. 1980; Manning 
and Dimick, 1981; ana Chaiseri and Oim.cx. 1939}. 

The major rat m cnocolate is cocoa butter (C8). 
About eignty percent or C3 is composec of soeofic cn- 
acyiglycerols {TAGsi of a 5at-0-Sat (saturatea-oietc- 
saturated) type, sucn as POP ( 1 ,3-dipaimitoyt-2-oleoyl- 
giyceroi), POS ; 2-oleoyi-palm»toyUstearoyl-giyceroU. 
and SOS : 1 ,3-aistearoyi-2-oieoyi-glyceroi). C3. as a 
mixture of POP, POS and SOS, is polymorphic, reveal- 
,ng six forms iForms I througn VI). 3s identified by 
Wille ar.d Lutton (1966). The poiymorohic form of C3 
n the end products is Form V, since this form has me 
most desirable melting and solidification behavior com- 
pared to other polymorphs. Form V is not the most 
stable oolymorph, form /I is; therefore Form V trans- 
forms to Form VI either mrougn a sond-state or a meH- 
meaiated transformation .Chapman, 1971). This 
transformation to Form VI gives rise to jnaesirabie 
physical properties of me end products- Particularly. 
= t causes fat bloom 'Aronhime and Gart;. 1983). Simi- 
larly, me less staole forms, sucn as Form Mi or Form IV 
crystallize more rapialy man form V iWilla ana Lutton. 
1 966). The occurrence and transformation of less sta- 
ple forms to Form V also result m undesiraole effects, 
such as a non-temper type rat bloom. Therefore, con- 
trol of oolymorpnic crystallization of CS on a manufac- 
turing scaie requires very careful thermal treatments. 
In current practice, the chocolate industry uses 
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tha- Bl of Th- Gre the choco, a'e is held so 

Porn* V The ^J 8513616 ,or ™ of CB Transforrr, to 

In this review, we present n; - 

Historical Survey of the Seeding Techniques 

Cr^^n * r ^aj, scale manufactunno tnak 

Small p.eces of cnoco.a.e cut or shaved Dy knj ? e have 
oeen employed as seed materials Several w. 
^studies have been oe.o.e/.o an i^ e S"' 
-ecnan-snr,. Duck rl958) anc CamDb V e(| < 3 »««£c 

■1968, added chocoiate powders ,o mo.ten ch ocT- 
cnc measurec the v,scos:ry changes ,r. an atterno- ,o 
estate tne amount cr seeo crysta< formed ou , no ;ne 
empermg process. Hettich ,,966; stud.ec me 'eia 

■ -one o, rnese eftons. nuwever nave t>epn „c^ 
■n -ndustnal chocolate manufactory. T , mav he 
aue to a .ack of understand^ 0 < The comoT.car^ 

t P n?^ h ! S - m ° f CB ' tS —t.tuents aT v e "as 
I T p ' 00ucin '8- on a large scale f,n e 

powce.s us«,b.e as seeamg materials. 

Polymorphic Crystallization of Four 
Sat-O-Sat TAGs and Cocoa Butter 

™,t c^!^ anc 
^ . t>Uw. AO A . j ,jj-aiarachic- 



glyce;or 0 a V nd 9 r C R er0 ''- ?° B (1 ' 3di ^enoyi-2-oleoy, 
ThesJ Sat O £f« ^.T 35 SSS '^'^royi-giyceroli. 

seed,ng effects as oescrToed'ater " ' eia,ed ,0 

Poivmnrph.cnn 

TArc Uterature on The Polymorphism of Sat-C-Sa- 
ImJ ST? Ser '° US contfad '^ons (see Sato et a, 
ed fr rh reterences there 'n) Tn.s is ma.nly an ibut- 

1987 rH r,a '? Urity ° f ,he S3m <> ies Wang eta 
oamm ; aent ' f,ec f,ve "asic polymorphs: alpha (J 
gamma Kj . and three forms of beta (pseudo B ?" 
and in POP, SOS. AOA and BOB w" Ud x ° r f v **■ 

OS C a n S th" d ' tferent,ai SCan cio-e y 
lUSCi. Us.nc the same methods. Sato et a< (1989 

confirmed tne occurrence of the f,ve baL nn, 

of POP and SOS ,n pure iBsl^S^*™^ 

sm« therJ n a e fe D T 0,ym0rPn,Sm W8S ^Zl- 

n.tn.e soiut.ons. clears ^nfti^t ™ S 
, * forms Ine differentiation o' the iZ TfoLl 

' > joy) confirmee r , -i^ exi^Pnrp t^.., * 

-sos. exarn , n , ns ^:^:;^z°:: v ^ 

= tearat e p.- r n e c. ystai^at.on of !ne soTS. - v . 
, nm The c XRD Datierns of six polymorphs of POP ar^ 

SHOW T. in Fin 1 T hr yen wn 

^ * n 9 6 XRD Patterns o* forms a t /? 

SSAnS 80 0 B P Th nearV ,0ent ' Ca, 10 ' °' Sot 
rnof , 6 tWO P se "0O-^ forms differ fror- 

nose of tne other tnree TAGs. Meltinc po:n,s XRD 

s;: 9 0 S s a a C, " S A G a : C Ch3 ' r ' en9th — tur 6 P o° Tne W 
so, U ba. ,AGs are summar.zpd m T eK , e n c .^_ 

these observations we reach four concisions ' 

-en: PO.ymo^ffoV^^VVe'ra;":^^^ f d ' ? ' 
nave doud.e cha,n length ,„ al'fTAGs Tne 
two Pseudo-^ forms of POP are a.so douple The r es - 
of the po.ymorphs are ,n ,h e uip.e cha,n -engtr st 
lev" C h» P ' C,ed m F ' S 2 ' Ine SS!uraJec - and | ■ 
ScouWeV^-T " S3me ,ame " a ' pa " e - 

^^^T^XT are separa,ec ,n - 



BNSDOCID: <XP_2061521/V_I_> 



Fat Bloom Stability or Dark Chocolate 



Table 1: Physical properties of Doiymorpns of 
Sat-O-Sat TAGs 







Melting 




C ha»n 


Polymorph 


TAG 


point 


sparing 


ength 






«'°C) 


nmi 


structure 




POP 


15.2 


4.65 


double 


a 


SOS 


23.5 


4.83 


double 




AO A 


31.5 


5.52 


UUUU'C 




BOB 


41 .5 


5.61 


double 




POP 


27.0 


6.54 


triple 




SOS 


35.4 


7.05 


tnole 


Y 


AOA 


45 . 5 


3 .04 


triple 




BOB 


49.5 


3.41 


tnpie 




POP ( -0' 2 \ 


30.3 


4.24 


double 




POP <-£',} 


33.6 


4.24 


double 


pseudo 


SOS 


36. 5 


7 on 


triple 




AOA 


46.5 


7.60 


triple 




BOB 


50.5 


3.03 


triple 




POP 


35.1 


5. 10 


triple 




SOS 


41 .0 


6.50 


triple 




AOA 


46.6 


7.07 


tripie 




BOB 


53.0 


7.36 


triple 




POP 


36.7 


5.10 


triple 




SOS 


43.0 


6.50 


triple 




AOA 


48.3 


7.07 


tripie 




BOB 


53.3 


7.36 


tripie 


POP has two pseudo-^' forms. 



and with increasing chain length of the saturated part 
of the molecule. 

(3) There are two 0 forms m each TAGs. 
which differ in melting point as well as in their XRD 
short spacing patterns (Fig. 1). Note that & 2 and 
were also found in a mixture system of POP/POS/SOS 
naving a weight ratio of 18.2/47.8/34.0 (Sagi et al 
1989). 

• 4) The basic polymorphism in Sat-O-Sat 
TAGs is more complicated than that of SSS which has 
three double chain : ength polymorphs, a, 0 and 0 
Hagemann, 1 988). 

Compared with CB tSato. 1987; Aronhime and 
Garti, 1988), Forms II, V and VI correspond to a, & 2 
and of Sat-O-Sat TAGs, respectively. As for Forms 
III and IV, they seem to be equivalent to two pseudo- 
3 forms of POP. as far as the XRD short spacing and 
the double chain length structure are concerned. 
Melt crystallization of POP and SOS 

Before explaining the crystallization of dark 
chocolate, we describe the rate of melt crystallization 
of POP and SOS, since those data are closely related 
to the polymorphic crystallization of CB. Pure \> 
99.9%) POP and SOS were examined with a polarizing 







(C) 



(d) 



Figure 2 Postulated structure models of POP poly- 
morphs: >aj a. b) oseudo-tf'. ooth are aouoie cnain 
length, (c) y. and (d) j3 2 and 0,, wnich are triple chain 
'ength of POP (Sato et al., 1989). Unsaturated chains 
are indicated by dash <-} parallel to the chain. 

ooticai microscope equioped with a CdS ohoto sensor 
'Koyano et al., 1989). The sample was placed on a 
thermostated glass growth ceil with the temperature 
controlled at a crystallization temoerature T„. OoticaMy 
anisotropic crystals, shown in Fig. 3, were found. Fig. 
4 shows a typical outout of the ohoto sensor in the 
melt-cooiing of POP measured at two T„ values. The 
polymorphic form of each crystaiiizea sample was de- 
termined by XRD and DSC, in an attempt to clarify the 
oolymoroh-dependence of the crystallization rate. 
From rig. 4, t is clear 'hat the mauction rime r is 
shorter m rne crystallization of y at T c = 23.2°C than 
fn tne crystallization of pseuao-tf'at T z = 26.3°C. 
The difference m the crystallization rate >s also reflect- 
ed in the time aependence of the pnoto sensor output. 

Two methods of crystallization are applied, sim- 
ple cooling and melt mediation. The latter mvoives the 
crystallization of the more stable forms, whicn were 
nducea after the melting of the ;ess staole forms by 
rapidly raising the temperature. The tempering proc- 
ess may involve the melt-meaiatea transformation. 
The occurrence domains of :he ooiymorphs of POP 
and SOS are summarized <n Table. 2. Comommg the 
accurate measurement of the crystallization rate of 
each polymorph Koyar.o et al., 1989} ana tne results 
in Taole 2. the following conclusions can be crawn: 
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Table 1 Occurrence oorr.ajns of polymorphs of POP and SOS from melt ( meli-cooiing and meli-mediaiedi. 
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Figure 3 Optica- systenr. for .noucfo" vme measure- 
me-v. of mei; crystallization. (Koyano e- a-.. 1989 : . 



0 2C AC 6C 

Time ( min ) 

Figure 4 Outou: of photo sensor in case o*. sirnDie 
cooimc of POP a: T c = 23.2 anc 26 3 °C (Koyano e; 
a 1989. Tne crystallization rates differ to- the two 
Doty morons. 
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Figure 5. Changes of :orque and temperature of dark chocolate seeded with SOS -it T. 
%, and ib, d) 0.5 weight % (Hachiya et aJ.. 1989a). 



30°C. ;a, o 0.035 we:gnt 



Ml The less stable forms crystallize more 
easily than the more stable forms by the two crystalli- 
zation modes. 

.2} The rate »s always nigner in melt-medi- 
ated crystallization, than in simole cooling. 

'3> The rate of ff 2 crystallization is extremely 
^ow in ooth POP and SOS. 

From this, we assume mat the first rao'd cooling 
may cause the preferable crystallization of the ! ess 
staole forms of C3 m the tempering process of choco- 
ate. These forms may transform to Form V througn 
melt-meoiated crystallization oy the subsequent re- 
neating process. This is proved by careful analysis as 
oescnbed below. 

Cocoa Butter Crystallization in Tempering process 

Some arguments have oeen presented to esti- 
mate the amount of CB crystals formed after the tem- 
pering procedure, assuming the optimal amount of 
seed crystals to be added ;n the seeding techniques. 
Hetttch ( 1 966) reported that 0. 1 % of C3 is crystallized 
and that this quantity is most suitable for bloom resis- 
tance. On -he other nand, Campbell and Keeney 
:1968) concluded that the amount is 0.5%. We used 
3 -otational viscometer <Hacniya et aL. 1988b) to 
measure tne viscosity of tne samole. Varying amounts 
of the C3 seed crystals of Form VI were added, and 
the viscosity was recorded to make a calibration curve 
between the C8 crystal concentration and the viscosi- 



ty change. We concluded that the amount of the seed 
crystals crystallized n the temoenng process was 
0.2%. 

Kinetics of seed Crystallization of Dark chocolate 

We discuss here the crystallization behavior of 
dark chocolate seeded with five fat crystal oowders: 
CB (Form VI}, SOS [ff.). BOB i/3 2 ). 808 «pseudo-rf! 
and SSS iff). All of the measurement were made with 
a rotational viscometer (Hachiya et al., 1989b). 

Figure 5 shows the torque value of dark cnoco- 
late which was crystallized at T c = 30°C by cooling 
the melt from 50°C. The seed powders of SOS 
with the concentration of 0.035 and 0.5%, are added 
at 30°C. it is clear that the rate of crystallization in- 
creases with increasing amount of the SOS \ff,) seed 
oowders. In order to numerically express the rates of 
the seed induced crystallization m comoanson to tnat 
of the non-seeded crystallization, we define tne crys- 
tallization time (t c J as the period when the toraue in- 
crease !mV) due to crystallization reaches 3 mV. 

Figure 6 shows the crystallization rate of dark 
chocoiate seeded with five fat powders. The relative 
crystallization time (t r ) is defined as: t r = t c (seeded) 
.' t,_ (non-seeded). The results show that the degree of 
acceleration goes n the following order: SOS *ff y ) = 
CB {Form VI) > BOB iff 2 i > BOB tpseuoo- ff ) > > 
SSS iff). 

From this, it aopears that two major factors. 
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Table 3 Demolding and fat bioom occurrence of seeded dark chocolate 
just after cooling a: 15' C for 15 minutes. 



Amount of 

crysta; 

Powder 



Cocoa Butter 
(Form VI") 



SOS 

(/?,) 



BOB 

(00 



BOB SSS 
(pseudo-£M (p) 



ir. 

percent* 


Demold- 
ing 


Fat 
bloom 


Demold- 
ing 


Fat 
bloom 


Demold 
ing 


Fat 
bloom 


Demold- 
ing 


Fat 
bloom 


Demold- 
ing 


Fat 
bioom 


0.001 


good 


slight 


good 


slight 


bad 


yes 










0.005 


good 


slight 


good 


slight 


good 


slight 










0.01 


good 


no 


good 


no 


good 


no 










0.05 


good 


no 


good 


no 


good 


no 


very bad 


yes 


very bad 


yes 


CM 


good 


no 


good 


no 


good 


no 










0.5 


good 


no 


good 


no 


good 


no 


bad 


slight 






1.0 


good 


no 


good 


no 


good 


no 




very bad 


ves 


2.5 


good 


no 


good 


no 


good 


no 


good 


slight 




5.0 


good 


no 


good 


no 


good 


no 


good 


slight 


very bad 


ves 



"Amount with respect to fat content of dark chocolate. 
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c 
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Concentration of Seed Crystal (%>) 

Figure 6. Relationshio between relative crystallization 
time of cocoa butter and concentration of seea materi- 
als at T c = 30°C: (•) cocoa butter (Form VI); (C) 
SOS (^!; (a; BOB [0 2 ) : {A > BOB (pseuoo-£ ); (□) SSS 
Off) {Hachtya et a!., 1989al. 

polymorphic structure ano thermal stability, influence 
the crystallization acceleration m a combined manner 
(Hachiya et a!., 1989a;. As to the thermal stability it 
follows that the degree of acceleration increases with 
melting point. This factor becomes clear when one 
compares the two forms of BOB to each other, and 
SOS 10,: with CB Form VI. However, this does not 



apply to SSS (ff) whose melting point is highest, nor to 
SOS 10,) and CB (Form VI) whose melting points are 
lower than those of the two forms of BOB Hence the 
similarity in the polymorphic structure between the 
seed crystal and CB seems more determinative No 
argument may be needed for SOS (0,) and CB (Form 
VI). As to the two forms of BOB, their meitmg points 
(Table Dare far below that of SSS (73°C; Hagemann, 
1988). But the molecular structures, particularly tne 
triple chain length structure, of both forms o' BOB are 
similar to tnose of CB. The lower acceleration effect 
of BOB compared to SOS and CB may be due to a dif- 
ference in the chain length of the saturated portion of 
the molecules. The importance o* the Cham length 
structure is seen in the extremely low acceleration ef- 
fect of SSS wmch is of the double chain which quite 
differs from the triple chain length of Form V o* CB. 

Consequently, it was concluded that seec crys- 
tallization o< dark chocolate ;s highly oepenoent on the 
polymorphic properties of the seed materials. The 
most preferable seed material, in view of the crystalli- 
zation rates are CB (Form VI), SOS [0, ) and BOB {0->\. 

Seeded Solidification Behavior of Dark Chocolate 

Table 3 summarizes the degree of demolding 
and the occurrence of fat bloom of seed-solidtf.ed dark 
chocolate, examinee just after the solidification The 
dark chocolate seeded at 30°C is directly coolec at 
15°C. The results are summarized as follows CB 
(Form VI) and SOS [0, ) snow easy demolding anc no 
fat bloom at seed concentrations above 0.01%. By 
contrast, undesirable properties were observec for 
BOB Ipseudo -8) and SSS (0\. From this observation 
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Fat Bloorn Stability of Dark Chocolate 
Table 4A. Stability or' rat bloom or dark cnocolate seeded with cocoa butter (Form V[j and SOS ijJ.j crvstai 'X>wder 



T'nermo-cvcle condition 



0.05 



Amount or' seed crystal powder (%) m 
OA 0.5 i.O 



cycle 
i cycle 

32*C i\2 h) 2 cycles 
* • 3 cycles 

20 5 C f !2 h) -t cycles 

5 cycles 

6 cycles 



33°C : 12 hi 



:o°c 1 1: hi 



Tabic 4B. Stability or rat bioom or dark chocolate seeded with BOB {' h U> crystal powaer. 

Amount of seed crystal powder f %)- 
0.05 0.1 0.5 ■ 0 25 



Thermo-cvcie condition 



5.0 



0 cycie 

1 cycie 

32°C ( i: h) 2 cycles 
* • 3 cycles 

20" C (12 h) x cycles 

5 cycles 

6 eveies 



38°C (12 h) 
* 

20°C : 12 h) 



"Amount with respect to fat content or darK chocolate (43%). 



no tat bloom; 



- : fat bioom. 



we conclude that CB (Form VI) and SOS ■>$,) are most 
suitable; to a lower extent SOB <£ 2 ) also showed good 
results at the level of 0.O1 %. 

Anti-bloom Effects by Seeding 

The effects of the 'at crystal seeding on bloom- 
ing of dark cnocolate were examined using the seeds 
of C8 (Form VI), SOS ifi^) and BOB t0 2 ) <Hachiya et 
al.. 1989b). Two thermo-cycie tests were aopiied. In 
the 32/20 rest, one cvc:e .nvoives ncuoacion of the 
samole at 20 and 32°C for 12 lours each. In the 
38/20 test, the chocolate was keot at 38°C 'or 12 
hours where the chocolate was completely melted, 
and 20°C for 1 2 hours. 



The results are shown in Taoles 4A and B. In ail 
of the seed materials emoloyed, oloom stability was 
confirmed at seed concentrations between 0.05% and 
1 %, being highly dependent on the seed materials. C8 
(Form VI) and SOS show quite similar behavior, 
summarized as follows: 

(1) In the 3 2/20 test, fat bloom does not 
occur at seed concentrations of 0.05 througn 1 % 
beiow 4 cycles. However, fat bloom occurs at con- 
centrations of 2.5 ana 5%. The decrease is manifest 
at higher concentrations, in wnich the 'at bioom 
occurs through one cycie. 

(2) In the C3se of the 38/20 cycie test, fat 
3loom occurs at all seed concentrations. 

In contrast, seeding with BOB t/3 2 ) gives nse to 
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significant stability agams: fa: bloom througn the 
32/20 and 38/20 cycle tests, wnen tne seec concen- 
tration is increased. In particular, tne sample seedec 
a: concentrations ot 1 , 2.5, and 5% does no: Droauce 
fat bloom even through six cycles in the 32/20 test. 
In the case of the 38/20 test, the fa: bloom is ob 
served at low seed concentrations, but tne seeding of 
5% completely prevents fat bloom at one cycle (Fig. 

From these observations of the anti-bioom ef- 
fects combined with the earlier results of crystalliza- 
tion kinetics, we conclude that the BOB [/3 2 ) seeding 
snows two advantageous effects m the crystallization 
and transformation of the chocolate fats: the accelera- 
tion o 4 the crystallization o' Form V of CE, and the 
anti-bioom stability in temperature ranges below and 
above the melting point of CB 

Application of BOB Seeding Techniques in 
Factory-Scale Chocolate Production 

In this section, we review severai aspects rela- 
ted to the application of the BOB seeding technique on 
the factory scale. 
Solidification Process 

No tempering machine is required in the seedmc 
technique. Instead, tne molten chocolate is cooled to 
15°C in two steps. First, n is cooiec to 33°C where 
seed is added. When the seeo is adoed beiow 33°C, 
"over seeding " occurs, causing too enhanced crystali>- 
zation. Then the seedeo chocoiate is cooiec to 1 5°C. 
By controlling the amoun: o' seed crystal, one may 
nandle the chocoiate soiidification py simpler tempera- 
ture contro, compared to the traditional tempennc 
method. 

Viscosity Chanoe After Seedmc 

Viscosity of tne chocoiate dunnc tne solidifica- 
tion process is critically imponan: for workability, 
which is greatly influenced Dy crystallization. 

The traditional tempering method involves firs: 
cooling of the mel: arounc 27°C. followed by neatinc 
around 30°C. anc then the seconc cooling a: 15°cf. 
i he crystallization aunng the U:s: cooimg is mfiuencec 
Dy spontaneous nucieaticn o' cocoa butte- crystals. 
Tne induction time for nucieation scatters a tot anc the 
occurrence of specific polymorphic modification is a 
result of competition of the ra:es of nucleation of dif- 
ferent po'ymorphs. This uncertainty is particularly re- 
vealed m Form V of CB. Hence, its crystallization is 
attained by the transformation- from the less stabie 
Forms III and IV wnich crystallized during the first 
cooling. Accordingly, one has tc be very careful with 
tne cooling-neatinc-coolinc steps in the tempennc 
process. 

In tne seeding technique, however, tne crystalli- 
zation process is fainy conuoiiaoie Tn:s is demon- 
strated m the viscosity of seec-crystaiiizeo chocolate. 
Figure 8 compares the viscosity cnanges of dark choc- 
olate made by the normal tempering and by tne BOE 



(/? 2 ! seeding Viscosity of tne tempered chocolate be- 
gins to increase immediately after the completion of 
tempering. However, viscosity of the BOB (£ 2 ) seedeo 
chocoiate graoualiy increase after an induction period 
of about 50 minutes. This is a clear advantage for the 
chocoiate manufacturer because it permits easier plant 
operation. 

Solubility of BQB (0 2 ) Crystals in Cocoa Buff er 

Solubilization of BOB (ff 7 ) seed crystals in 
molten CB, being highly temperature dependent, dimin- 
ishes tne seeding effect. Figure 9 shows the solubility 
of BOB (£ 2 ! and BOB (pseudo-0) crystals in molten CB 
(Mon, 1989) This shows that a portion of BOB {J5 2 ). 
when added at 5°/c, remains undissolved at 38°C. 
This result helps explain the anti-bioom effect in the 
38/20 test (Table 46;. 

Moutn Feel of Chocol ate Seedeo with BOB [0 2 \ 

There is no difference in the feel of the choco- 
late m the mouth wnen BOB {j5 2 ) seec powders are 
used because, as shown in Fig. *10, their dimensions 
do not exceed 70 pm, almost same as that for the 
other solid particles (cocoa mass, sugar, milk solids'- in 
cnocoiate as shown oy Hachiya et ai. 1988a). 
Production of BOB [8 2 \ Seed Powders 

BOB is presently produced from fatty acid esters 
containing behemc acid and high oleic oils by trans- 
esterification using an enzyme catalyst (Mon, 1989). 
The reactan: is fractionated anc concentratec The 
enzyme esterified BOB is transformed to the polymor- 
phic form /5 2 by incubation. The fine powders of BOB 
[ft 2 ) a f e produced with a cryo-mill (Fuji Powaer: Atom- 
izer Eli-75- whicr. can pulverize at -60°C--100°C 
using liquid nitrogen (Hachiya et a;. r 1989c). Tne 
particie sizes are 20 - 70 /vm; no change in melting 
pom: was oetectec in powder samples. 

The seeding methoc with BOB C$ 2 i fine powoer 
(patented with US Patent 4.877.636 (1989); European 
Patent 87309981.6: anc Japan Patent 63-240745': 
has now beer, m use in cnocoiate production plants of 
Japar. 
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Piscussion with Reviewers 

J. Chevahev : BOB is not legally allowed in Europe and 
is not permitted in chocolate under current U.S. stand- 
ards. Please comment on the legal aspects of BOB. 
Authors : Only Japan allows to add BOB seeds, all of 
the other countries do not. Meiji and Fuji Oil are now 
requesting the approval of the Food and Drug Admin- 
istration in the United States and similar agencies in 
other countries. Fat bloom is facsinatingly improved 
with BOB seed, as Meiji has observed in the market. 
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